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@ Electrostatic chuck usable in high density plasma. 

@ The disclosure relates to an electrostatic 
chuck (10) for holding a wafer (12) in a plasma 
processing chamber. The chuck includes a 
pedestal (14) having a top surface (46), an 
internal manifold for carrying a cooling gas, and 
a first plurality of holes (48) leading from the 
internal manifold toward said top surface ; and 
a dielectric layer (44) on the top surface of the 
pedestal. The dielectric layer has a top side (54) 
and second plurality of holes (58), each of 
which is aligned with a different one of the 
holes of the first plurality of holes in the pedes- 
tal. The first and second holes fomn a plurality of 
passages extending from the internal manifold 
to the top side of the dielectric layer and 
through which the cooling gas is supplied to the 
backside of the wafer. Each of the first holes 
(48a to g) and the second hole (58) aligned 
therewith form a different one of the plurality of 
passages. The passages are concentrated in 
regions of the dielectric layer that are in proxim- 
ity to regions of higher leakage of cooling gas 
when the wafer is held against the electrostatic 
chuck by an electrostatic force. 
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The present invention relates to an electrostatic 
chuck ("E-chuck") for high density plasma processing 
of articles such as semiconductor wafers. The E- 
chuck overcomes the difficulties present with prior 
art mechanical and electrostatic chucks in high den- 
sity plasma processing applications and is particular- 
ly well suited to processes in which the article nnay be 
RF biased for enhanced process performance in a 
high density plasma process, such as that used in 
Si02 etching. The E-chuck addresses the require- 
ments of uniform coupling of electrical and thermal 
energy in a hostile electrical, thermal and chemical 
environment. 

In the plasma processing of articles such assem- 
iconductorwafers, a common problem is the coupling 
of electrical energy to the article being processed. 
Typically, electromagnetic coupling of RF energy into 
the "source" region of a plasma chamber is employed 
to generate and maintain a high electron density plas- 
ma having a low particle energy. In addition, RF 
"bias" energy is usually capacitively coupled in the 
plasma via the article being processed to increase 
and control the energy of ions impinging on the arti- 
cle. 

In a typical high density plasma reactor, the driv- 
ing point RF "bias" impedance presented by the plas- 
ma is very low. To achieve uniform ion energy and 
flux to the article being processed (typically essential 
for etching or other plasma processes), uniform cou- 
pling of RF "bias" energy through the article being 
processed to the plasma is required. The article being 
processed typically is held against some kind of 
chuck and RF bias energy is applied to the chuck. 
What is desired is a constant plasma sheath voltage 
across the surface of the article being processed. 

The degree to which such a uniform plasma 
sheath voltage can be achieved is a function not only 
of the plasma density uniformity as generated by the 
plasma source, but is also a function of the impe- 
dance per unit area of the plasma sheath adjacent to 
the article, the impedance per unit area of the article, 
the impedance per unit area of any gap between the 
article and the chuck and the impedance per unit 
area of the chuck. 

Besides electrical coupling, the chuck should be 
tightly thermally coupled to the article being process- 
ed. Typically the temperature of the article is a proc- 
ess parameter to be controlled and this normally 
means removing heat from or adding heat to the ar- 
ticle during processing. Heat transfer in a low pres- 
sure or vacuum environment such as that used for 
plasma processing is generally poor. Some means of 
providing for adequate heat transfer between the ar- 
ticle being processed and adjacent surfaces is usu- 
ally necessary. 

Typical prior art chucks mechanically clamp an 
article to the chuck with a clamp ring applying a hold- 
ing force at the periphery of the article. The thermal 



contact between article and chuck is generally insuf- 
ficient to accommodate the heat load imposed by the 
plasma on the article. Without some means of im- 
proved thermal contact between article and chuck, 
5 the temperature of the article may rise out of accept- 
able limits. 

Gas is typically introduced between the article 
and chuck to enhance thermal contact and heat 
transfer from the article to the chuck. The gas pres- 
to sure required is a function of the heat load imposed 
by the plasma, the desired maximum article temper- 
ature, the temperature at which the chuck can be 
maintained (such as with liquid cooling), the choice of 
cooling gas and the article/gas and gas/chuck ac- 

15 commodation coefficients (measures of how effec- 
tively heat is transferred between a gas and a sur- 
face). For biased high density plasma applications, 
helium gas is used as the cooling gas and the gas 
pressure required is typically in the 5 to 30 torr range. 

20 For "low pressure" plasma processes (those op- 

erating in millitorr pressure range), some means must 
be provided to allow a significantly higher pressure in 
the region between the article and chuck with respect 
to the ambient pressure in the process chamber. In 

25 addition, a leak of cooling gas into the process envir- 
onment may produce undesirable results. Typically 
some kind of seal, usually an elastomer, is used to al- 
low maintenance of the pressure difference between 
the two regions. 

30 If the article to be processed is simply mechani- 

cally clamped at its periphery to the chuck, and gas 
introduced between article and chuck, the article will 
bow away from the chuck due to the pressure differ- 
ence across the article. If a flat chuck is used on a 

35 disk shaped article, a large gap results between the 
article and the chuck with a peak gap at the center. 
Under such conditions, thermal and electrical cou- 
pling between the article and the chuck are non-uni- 
form. Mechanically clamped chucks typically pre- 

40 compensate such article- bowing by attempting to 
match the chuck's surface to the curvature of the ar- 
ticle under stress. Theoretically, this can be done for 
simply shaped articles (such as disks), but the pres- 
ence of discontinuities or complex shapes make ana- 

45 lytical precompensation impossible, and trial-and-er- 
ror is required. Mismatches in curvatures between 
the article and the chuck result in a variable gap be- 
tween such surfaces, resulting in non uniform elec- 
trical and thermal coupling. 

50 Electrostatic chucks have been proposed to 

overcome the non-uniform coupling associated with 
mechanical chucks. Electrostatic chucks employ the 
attractive coulomb force between oppositely charged 
surfaces to clamp together an article and a chuck. In 

55 principle, with an electrostatic chuck, the force be- 
tween article and chuck is uniform for a flat article 
and flat chuck. The electrostatic force between the 
article and the chuck is proportional to the square of 
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the voltage between them, proportional to the rela- 
tive permittivity of the dielectric medium separating 
them (assuming conductivity is negligible) and in- 
versely proportional with the square of the distance 
between them. Typically for biased-article high den- 
sity plasma processing applications (such as Si02 
etching) a cooling gas is required to improve the heat 
transfer between article and chuck to acceptable lev- 
els. Introduction of gas cooling between article and 
chuck, while required to achieve adequate heat trans- 
fer, causes problems with prior art electrostatic 
chucks when used in biased-article high density plas- 
ma applications. 

In particular, the requirement of introducing cool- 
ing gas in the region between article and chuck re- 
quires that some discontinuity be introduced in the 
chuck surface, typically some type of hole(s) through 
the chuck to a gas passage behind the surface. The 
introduction of any discontinuity in the chuck surface 
distorts the electric field in the vicinity of the discon- 
tinuity, making arc breakdown and glow discharge 
breakdown of the cooling gas more probable. With 
DC bias applied between an article and a chuck, and 
RF bias applied to the chuck, gas breakdown be- 
comes probable with prior art electrostatic chucks 
such as described in U.S. Patents 4,565,601 and 
4,771,730. 

In the '601 patent, a plurality of radial cooling gas 
dispersion grooves in an upper surface of a plate 
electrode connect to and extend outwardly from the 
relatively large upper end of a cooling gas supply pipe 
extending vertically to the upper surface of the plate 
electrode. Cooling gas from the supply pipe travels 
outwardly in the radial grooves and into a plurality cir- 
cular gas dispersion grooves also formed in the upper 
surface of the plate electrode coaxial with the gas 
supply pipe. The upper surface of the plate electrode 
with the radial and circular patterns of grooves is cov- 
ered with a thin insulating film upon which the article 
to be process is placed. The upper open end of the 
gas supply pipe forms a relatively large discontinuity 
in the upper surface of plate electrode. The radial and 
circular grooves are relatively wide and deep, slightly 
less than the diameter of the gas supply pipe, and 
form additional relatively wide and deep discontinui- 
ties in the upper surface of the plate electrode and 
relatively deep separation gaps between the plate 
electrode and the article to be processed. Further, ir- 
regularities in the coated surfaces of the grooves pro- 
duce non-uniformities in gas flow and in the spacing 
of the article and the plate electrode. Undesired arc 
and glow discharge breakdowns of the cooling gas 
would occur if such an electrostatic chuck were em- 
ployed in a high RF power, high density plasma reac- 
tor. 

The same problems are particularly inherent in 
the electrostatic chuck of the '730 patent which in- 
cludes a central and/or plurality of relatively large gas 



feeding tubes to the upper surface of a plate elec- 
trode. 

What is desired is an electrostatic chuck that can 
accommodate cooling gas between the workpiece 

5 and the chuck and which is designed to avoid gas 
breakdown even when the chuck is used in a plasma 
reactor environment including high RF bias power 
and high density plasma. 

The E-chuckof the present invention is particu- 

10 larly useful in electrostatically holding an article to be 
processed, such as a semiconductor wafer, in a plas- 
ma reaction chamber while distributing a cooling gas 
between the face of the E-chuck and the underside 
of the article, without contributing to arc or glow dis- 

15 charge breakdown of the cooling gas. 

The E-chuck comprises a metal pedestal having 
a smooth upper surface for electrostatically attract- 
ing and supporting the article. Asmooth layer of a di- 
electric material is bonded to the upper surface of the 

20 pedestal. 

One aspect of the present invention is that one 
or more conduits are formed inside the metal pedes- 
tal to permit cooling gas to be transported to one or 
more cavities just below the dielectric. A plurality of 

25 perforations which are much smaller in diameter than 
the conduits extend from the upper surface of the di- 
electric down to the cavities. These perforations pro- 
vide a path for the cooling gas to flow from the cavi- 
ties in the pedestal to the region between the dielec- 

30 trie layer and the semiconductor wafer or other work- 
piece. The invention permits the use of perforations 
which are much smaller in diameter than the smallest 
conduit that could be fabricated in the body of the 
metal pedestal. The use of such small perforations as 

35 the outlets for the cooling gas greatly increases the 
amount of RF bias power and plasmadensity to which 
the E-chuck can be exposed without causing break- 
down of the cooling gas. 

A second, independent aspect of the invention is 

40 that a cooling gas distribution channel is formed by 
one or more grooves in the upper surface of the di- 
electric layer for distributing a cooling gas between 
the upper surface of the dielectric layer and the un- 
derside of the article supported on the pedestal. Ac- 

45 cording to this aspect of the invention, the depth of 
the grooves is small enough to maintain a low product 
of cooling gas pressure and groove depth so as to 
avoid glow discharge breakdown of the cooling gas, 
and the dielectric layer beneath the grooves is thick 

50 enough to prevent dielectric breakdown. In contrast 
with conventional E-chucks, the present invention lo- 
cates the gas distribution channels in the layer of di- 
electric material rather than in the metal pedestal, 
thereby minimizing discontinuities in the electric field 

55 adjacent the pedestal which could contribute to arc or 
glow discharge breakdown of the cooling gas. 

In general, in another aspect the invention is an 
electrostatic chuck for holding a wafer in a plasma 
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processing chamber. The electrostatic chuck sup- 
plies a cooling gas to the backside of the wafer 
through a plurality of holes in the chuck that are dis- 
tributed near the regions of highest leakage of the 
cooling gas, i.e., the holes are distributed so as to 
"feed the leaks" while also supplying gas to the back- 
side of the wafer. The chuck includes a pedestal hav- 
ing a top surface, an internal manifold for carrying a 
cooling gas, and a first plurality of holes leading from 
the internal manifold toward the top surface. It also 
includes a dielectric layer on the top surface of the 
pedestal. The dielectric layer has a top side and sec- 
ond plurality of holes, each of which is aligned with a 
different one of the holes of the first plurality of holes. 
The first and second holes forming a plurality of pas- 
sages extending from the internal manifold to the top 
side of the dielectric layer and through which the cool- 
ing gas is supplied to an interface formed by the back- 
side of the wafer and the top side of the dielectric lay- 
er. Each of the first holes and the second hole aligned 
therewith form a different one of the plurality of pas- 
sages. The passages are concentrated in regions of 
said dielectric layer that are in proximity to regions of 
higher leakage of cooling gas when the wafer is held 
against the electrostatic chuck by an electrostatic 
force. 

In general, in yet another aspect the invention is 
an electrostatic chuck in which an internal gas distrib- 
ution manifold is formed by welding an insert into a 
groove in the top of the chuck. In particular, the elec- 
trostatic chuck includes a pedestal having a top sur- 
face, an internal manifold for carrying a cooling gas, 
and a first plurality of holes connecting the internal 
manifold to the top surface; and it includes a dielectric 
layer on top of the pedestal. The dielectric layer has 
a second plurality of holes, each of which is aligned 
with a different one of the holes of the first plurality 
of holes. The first and second holes form a plurality 
of passages extending from the internal nnanifold to 
the top of the dielectric layer and through which the 
cooling gas is supplied to a wafer backside. Each of 
the first holes and the second hole aligned therewith 
form a different one of the plurality of passages. The 
pedestal includes a groove formed in its top surface 
and there is an insert in the groove. The insert has a 
channel formed in its underside and the channel in 
combination with the groove form a cavity that is part 
of the internal manifold. At least some of the passag- 
es pass through the insert into that channel. 

In general, in still another aspect, the invention 
is a computer-implemented method for preparing an 
electrostatic chuck within a plasma chamber to re- 
ceive a next wafer for plasma processing after a pre- 
vious wafer has completed plasma processing. The 
method includes the steps of removing the previous 
wafer from the electrostatic chuck in the plasma 
chamber; introducing a non-process gas into the 
plasma chamber without any wafer present on the 



electrostatic chuck; striking a plasma in the plasma 
chamber; running that plasma for a preselected per- 
iod of time; terminating the plasma at the end of the 
preselected perk>d; and placing the next wafer on the 
5 electrostatic chuck for plasma processing. 

In general, in another aspect, the invention is a 
method of forming passages in an electrostatic chuck 
that connect an internal manifold to the top surface 
of the dielectric. The method includes the steps of 
10 drilling a first plurality of holes into the pedestal ex- 
tending from the top surface of the pedestal into the 
manifold; forming a dielectric layer on the surface of 
the pedestal, the dielectric layer being sufficiently 
thick to bridge over the holes of the first plurality of 
15 holes; and drilling a second plurality of holes in the di- 
electric layer, each hole of the second plurality of 
holes aligned with a different one of the holes of the 
first plurality of holes. 

In general, in still another aspect, the invention 
20 is a method fordechucking a waferfrom a electrostat- 
ic chuck following a plasma process. The method in- 
cludes the steps of: at the completion of the plasma 
process and while the RF source power is still on, 
turning off the cooling gas; changing a DC potential 
25 of the electrostatic chuck; slightly separating the wa- 
fer from the electrostatic chuck while the RF source 
plasma is still present; after slightly separating the 
waferfrom the electrostatic chuck, turning off the RF 
source; after turning off the RF source power, sepa- 
30 rating the wafer further from the electrostatic chuck; 
and removing the waferfrom the plasma chamber. 

The following is a description of a number of pre- 
ferred embodiments of the invention, reference being 
made to the accompanying drawings in which:- 
35 Figure 1 is a schematic view of an "OMEGA" 

biased high density plasma reaction chamber of 
Applied Materials, Inc., Santa Clara, California il- 
lustrating the electrical circuitry therefor and in- 
cluding the E-chuck of the present invention to 
40 hold a semiconductor wafer on a pedestal of the 

E-chuck. The "OMEGA" reaction chamber (with- 
out a chuck) is described and illustrated in EP-A- 
0552491. Reference should be made to that 
specification for a complete description of the 
45 "OMEGA" reaction chamber in which the E- 

chuckof the present invention is particularly use- 
ful. 

Figure 2 is top view of a pedestal included in the 
E-chuck of the present invention and illustrates 

50 a gas distribution system formed in the upper 

surface of a layer of dielectric material bonded to 
the upper surface of the pedestal to distribute 
cooling gas over the surface of the layer from 
cooling gas receiving holes extending upwardly 

55 from an underside of the pedestal to upper ends 

adjacent the upper surface of the pedestal under 
the layer of dielectric material. 
Figure 2a is an enlarged showing of Fig. 2. 
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Figure 3 is sectional side view along the lines 3- 
3 in Figure 2 showing the internal construction of 
the pedestal and layer of dielectric material on 
the upper surface thereof with the cooling gas re- 
ceiving holes extending vertically from an under- 5 
side of the pedestal and a lift pin receiving hole 
for use in mechanically positioning and lifting the 
article being processed within the reaction 
chamber. 

Figure 3a is an enlarged version of Figure 3. io 
Figure 4 is an enlarged illustration of the portion 
of the pedestal and layer of dielectric material 
within the circle 4 of Figure 2 and shows the 
grooves defining the gas distribution system in 
the layer of dielectric material with gas distribu- 15 
tion holes through intersections of the grooves 
and metal of the pedestal over the upper ends of 
the cooling gas receiving holes to define a cluster 
of gas distribution holes over each cooling gas re- 
ceiving hole. 20 
Figure 5 is an enlarged version of a portion of the 
pedestal within the circle 5 of Figure 2 more 
clearly illustrating the intersecting nature of the 
grooves forming the gas distribution system, a 
lift pin hole having an annulus there around free 25 
of intersecting gas distributing grooves and a 
portion of an outer annulus bounding a central 
portion of the pedestal also free of intersecting 
gas distributing grooves. 

Figure 6 is an enlarged version of the portion of 30 
the pedestal within the circle 6 in Figure 2 more 
clearly illustrating the intersecting nature of the 
grooves and gas distribution holes formed at the 
intersection of such grooves over a cooling gas 
receiving hole. 35 
Figure 6a is an enlarged version of Figure 6. 
Figure 7 is an enlarged showing of one form of 
gas distribution hole through the layer of dielec- 
tric material and the pedestal metal at the upper 
end of a cooling gas receiving hole. 40 
Figure 8 is an enlarged illustration of an alternate 
version of a gas distribution hole similar to that 
shown in Figure 7. 

Figure 9 shows an alternative embodiment of the 
pedestal which includes a Helium cooling gas dis- 45 
tribution system that introduces Helium cooling 
gas around the periphery and around the lift pin 

holes; 

Figure 10 shows a cross-section of the pedestal 

of Fig. 9 taken along the A-A section line in Fig. so 

9; 

Figure 11 shows the bottom of the pedestal of 

Fig. 9; 

Figure 12 shows a cross-section of the pedestal 

of Fig. 11 taken along the B-B section line in Fig. 55 

11; 

Figure 13 shows an enlarged view in cross- 
section of the large annular insert ring; 



Figure 14 shows a closeup of the groove network 
on the surface of the dielectric layer; 
Figure 15 shows a closeup of another portion of 
the groove network on the surface of the dielec- 
tric layer; 

Figure 16 shows a closeup of yet another portion 
of the groove network on the surface of the di- 
electric layer; 

Figure 17 shows a cross-sectional view of an al- 
ternative perforation design for carrying cooling 
gas to the underside of the wafer; 
Figure 1 8 is a flow chart of the sequence for pro- 
ducing the perforation shown in Fig. 17; 
Figure 19 is an enlarged cross-sectional partial 
view of the pedestal with a collar and a cover ring 
in place; 

Figure 20 is a closeup view of the gap and the 
overlap formed between the underside of the 
wafer and the collar shown in Fig. 19; and 
Figures 21 A-C present a flow chart of the wafer 
chucking and dechucking procedure and the post 
process procedure for reducing residual charge 
on the E-chuck. 

As shown in Figures 1 and 2, the E-chuck 10 of 
the present invention is adapted to support and elec- 
trostatically hold an article or workpiece 12 to be 
processed, such as a semiconductor wafer, on a ped- 
estal 14 within a high density plasma reaction cham- 
ber 16. Through gas distribution groove network 18, 
the E-chuck 10 affects a cooling of the pedestal 14 
and the wafer 12 supported thereon. 

The plasma reaction chamber 16 further in- 
cludes a cover ring 20 which is supported by four 
rods, not shown. The purpose of the cover ring is to 
prevent the plasma in the chamber above the work- 
piece from contacting, and thereby corroding, part of 
the E-chuck. Accordingly, the four rods position the 
cover ring within 0.01 inch of the edges of the work- 
piece and the E-chuck, a gap too small for the plasnna 
to penetrate. The rods lift the cover away from the 
wafer and E-chuck when the wafer is being transport- 
ed to or from the E-chuck. 

For a more detailed understanding of the plasnna 
reaction chamber 16 and its operation in processing 
the wafer 12, the reader should refer to the drawings 
and detailed description contained in EP-A-0552491 

As shown in Figure 1 , the electrical circuit for the 
plasma reaction chamber 16 is conventional. It in- 
cludes a conventional DC voltage source 24 which 
supplies the clamping voltage which is coupled to the 
E-chuck 1 0 through a low pass filter 26 which isolates 
the DC voltage source 24 from the RF power supply 
27. RF source power and RF bias power are each 
coupled from the convent k>nal RF power supply 27 
through a matching network 28, with the source pow- 
er being coupled to an inductive antenna 30 and the 
bias power being coupled to the pedestal 14. Aground 
reference for both the RF bias power and DC voltage 
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is a grounded top counter electrode 32. The DC vol- 
tage source 24 supplies -1 000 volts for developing an 
electric field which electrostatically holds the wafer 
1 2 to t he pedestal 1 4. When it is desired to release (or 
"de-chuck") the wafer 12, the source 24 may be 5 
switched either to a zero output voltage or to a re- 
verse polarity voltage if it is desired to accelerate the 
release of the wafer. 

The plasma reaction chamber 16 employs induc- 
tively-coupled RF power to generate and maintain a io 
high density, low energy plasma. RF bias power is ca- 
pacitively coupled to the plasma via the wafer 1 2 and 
E-chuck 10, with the grounded counter electrode 32 
located in the plasma source region providing a return 
path for bias current. With the configuration shown in 15 
Figure 1, plasma density is controlled by the RF 
source power, and ion energy is independently con- 
trolled by the RF bias power. The result is a uniform 
high density, low electron temperature plasma at the 
wafer 12 with ion energy controllable from about 15 20 
eV to several hundred eV. This configuration allows 
for etching of the wafer 12 with minimum charge up 
degradation and minimum energetic-particle dam- 
age. 

While the above described plasma reaction 25 
chamber 16 provides a high oxide etch rate, it does 
impose some severe hardware requirements, partic- 
ularly on the E-chuck 10. In particular, RF bias power 
must be uniformly coupled to the wafer 12 and to the 
plasma. With a high density, low electron tempera- 30 
ture plasma, the cathode sheath is very thin, usually 
less than one millimeter, and the impedance per unit 
area of the cathode sheath is primarily resistive and 
quite low. For wafers of typical resistivity, unless RF 
bias is very uniformly coupled to the wafer, k>n/elec- 35 
tron current and ion energy will not be uniform. In ad- 
dition to the problem of uniform electrical coupling, 
tight uniform thermal coupling of the wafer 12 is very 
large. For example, at a typical RF source power of 
2800 watt and RF bias power of 1400 watt, approxi- 40 
mately 2 KW of heat must removed continuously from 
the wafer. 

To provide for such uniform coupling and thermal 
cooling, the pedestal 14 in the E-chuck 1 0 of the pres- 
ent invention preferably comprises a one piece alumi- 45 
num block with direct liquid cooling. Such liquid cool- 
ing is provided by cooling water entering an inlet 34 
at an underside 36 of the pedestal 14 and traveling 
through cooling passages (not shown) to exit the ped- 
estal through an outlet 38. More particularly, as illu- so 
strated in Figures 2 and 2a, the pedestal 14 compris- 
es a short cylindrical block of aluminum having a flat 
upper surface 40 and flat underside 36 with an annu- 
lar mounting flange 42 extending outwardly from an 
outer surface of the block comprising the pedestal. 55 
The voltage applied to the pedestal 14 by the DC vol- 
tage source 24, preferably about -1,000 volts, gener- 
ates the electrostatic attractive force which holds the 



wafer 12 on the upper surface of the pedestal. 

A smooth layer 44 of dielectric material is bonded 
to the smooth upper surface 40 of the pedestal 14for 
contacting an under surface 46 of the wafer 12. The 
layer 44 of dielectric material uniformly covers the 
entire upper surface 40 of the pedestal 14, except 
over the four lift pin holes 66. Preferably the pedestal 
is machined from an aluminum block which is finished 
to a smoothness and parallelism of less than 0.001 
inch between the upper and lower faces 40 and 36, 
respectively. Holes are then bored in the pedestal as 
described below. The upper face 40 of the pedestal 
is bead blasted to improve adhesion, and then an ap- 
proximately 0.020 inch thick ceramic dielectric layer 
44 of alumina or an alumina/titania composite is then 
plasma-sprayed overthe upper face 40 of the pedes- 
tal. The sprayed layer is then ground to achieve a di- 
electric coating thickness of about 0.010 inch (254 
microns) with a smoothness of 0.5 microns. 

A cooling gas, such as helium, is fed to the ped- 
estal 14 through an inlet 52 and distributed into each 
of seven axially oriented gas conduits or cavities 48 
within the pedestal. Each conduit is about 0.3 inch in 
diameter. One conduit 48a is at the center axis of the 
pedestal, and the other six conduits 48b-48g are 
spaced evenly around, and somewhat inward from, 
the periphery of the pedestal. Unlike conventional 
designs, the conduits do not penetrate the dielectric 
layer 44. In fact, the conduits preferably do not quite 
extend all the way to the upper surface of the pedes- 
tal 14, but instead leave a thin layer 60 of aluminum, 
preferably about 0.015 inch thick, above the upper 
end 50 of each conduit 48. Each conduit may be 
formed by counterboring a hole from the underside 
36 of the pedestal block. 

The cooling gas is transported from each conduit 
or cavity 48 to the surface 54 of the dielectric layer 
44 via a plurality of perforations 58, each perforation 
being at least an order of magnitude smaller in diam- 
eter than the conduits 48. Preferably, laser drilling is 
used to create perforations of about 0.006 to 0.008 
inch in diameter through the dielectric layer 44 and 
the thin layer 60 of aluminum overlying each conduit 
48. Several such perforations are formed above the 
upper end 50 of each gas conduit or cavity 48. 

To distribute the cooling gas from the perfora- 
tions 58 over the upper face 54 of the dielectric layer 
44, a pattern 18 of one or more gas distribution 
grooves 56a and 56b is formed in the upper face 54. 
A single groove 56a or 56b may intersect any number 
of the perforations 58, but each perforation commu- 
nicates with at least one groove. The grooves should 
extend over most of the surface 54 of the dielectric 
so that, when a semiconductor substrate or other ar- 
ticle 12 is placed on the E-chuck, the cooling gas will 
flow up through the conduits 48, through the perfor- 
ations 58, through the distribution grooves 18, and 
into the microscopic interstitial spaces between the 
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underside 46 of the substrate and the upper surface 
54 of the dielectric layer. 

In the preferred embodiment, the gas distribution 
grooves 1 8 are formed as a matrix of linear grooves 
in two orthogonal directions, as shown in Figures 5 
and 6. Perforations 58 are provided where two ortho- 
gonal grooves intersect directly above a gas conduit 
48, thereby permitted cooling gas to flow from the 
conduit, through the perforations, into the two inter- 
secting grooves, and through these grooves to all 
grooves they intersect, and so on. The parallel 
grooves are spaced 0.1 inch apart, so that above 
each 0.3 inch diameter conduit 46 there are several 
groove intersections, each intersection being con- 
nected to the conduit via a perforation 58. 

One consideration affecting the choice of groove 
spacing is that, to avoid any reduction in electrostatic 
clamping (or chucking) force between the E-chuck 
and the workpiece 12, the ratio of groove spacing to 
groove width should be large so that the gas distrib- 
ution grooves do not occupy a significant fraction of 
the surface area 54 of the E-chuck. Another consid- 
eration, and a criterion that is much more difficult to 
satisfy, is that to achieve the best possible heat trans- 
fer between the workpiece and the E-chuck pedestal, 
the spacing between grooves should be no greater 
than roughly ten times the thickness of the work- 
piece, and more preferably no greater than one-half 
the thickness. The thickness of a typical 8-inch sili- 
con wafer is only 0.03 inch, but currently it is consid- 
ered economically impractical to laser machine gas 
distribution grooves with a closer spacing than 0.1 
inch. 

The grooves 18 are formed by laser machining 
the upper surface of the dielectric layer. Most of the 
grooves are 0.01 inch (254 microns) wide and 25 to 
30 microns deep. These grooves are too small and 
dense to be shown clearly in Figures 2 and 2a, but 
they are represented by the dark, dense area 18 at 
the left of each of these two figures. These grooves 
are clearly shown as the dark lines which form a ma- 
trix or cross-hatch pattern in Figures 5 and 6, and 
they overlie the perforations 58 shown in Figure 4. In 
addition, to further enhance gas distribution, above 
each of the conduits 48 is an orthogonal pair of larger 
grooves 70 which are illustrated in Figure 2. These 
larger grooves are twice as wide and twice as deep 
as the other grooves. 

An important feature of the present invention is 
that the E-chuck can be subjected to high power RF 
fields and high density plasmas immediately above 
the workpiece 12 without breakdown of the cooling 
gas due to arcing or glow discharge. One reason for 
this is that the top surface 40 of the pedestal is 
smooth, and the gas distribution grooves are formed 
in the dielectric layer rather than the metal pedestal. 
This minimizes discontinuities in the electric field 
above the E-chuck which otherwise could cause arc- 



ing. Another reason is that the groove depth is small- 
er than the sheath thickness of the plasma, so that a 
plasma cannot be sustained inside the groove, and it 
is small enough that the product of the groove depth 

5 and the cooling gas pressure is well below the value 
at which the cooling gas has a low glow discharge 
breakdown voltage according to the well known Pa- 
schen curve. Yet another reason is that the groove 
depth is shallow enough to leave a sufficiently thick 

10 dielectric layer beneath the groove to prevent break- 
down of the dielectric. 

Another, equally important feature of the inven- 
tion which prevents breakdown of the cooling gas is 
the extremely small diameter (preferably about 0.007 

15 inch) of the perforations 58 through which the cooling 
gas is transported to the surface 54 of the E-chuck. 
The small diameter of these holes prevents break- 
down of the cooling gas passing therethrough for the 
same reasons explained earlier in conjunction with 

20 the depth of the distribution grooves and the sanne 
considerations limit the maximum diameter of the 
perforations as limit the depth of the grooves. In ad- 
dition, their small diameter minimizes discontinuities 
in the electric field which could cause breakdown of 

25 the cooling gas passing therethrough. In a high den- 
sity plasma system in which the cooling gas is sup- 
plied at a pressure of 15-20 Torr, the holes must gen- 
erally be no larger than 20 mils. In the embodiments 
described herein, the selected size is around 6-8 mils. 

30 Nevertheless, one shortcoming of the foregoing 

embodiment is that there is a line of sight path be- 
tween the semiconductor substrate 12 above the 
perforation and the thin layer 60 of aluminum under- 
lying the dielectric at the edge of the perforation, as 

35 shown in Figure 7. Arcing could occur through this 
path, notwithstanding that the diameter of the perfor- 
ation is otherwise small enough to avoid the previ- 
ously discussed gas breakdown mechanisms. An al- 
ternative embodiment which avoids this problem em- 

40 ploys laser machining to cut back the portion of the 
aluminum immediately adjacent the edge of each 
perforation 58, as shown in Figure 8. This eliminates 
any line of sight path between the aluminum 60 and 
the substrate 12. 

45 To facilitate robotic handling of the workpiece 12, 

four holes 66 for mechanical lift pins typically are pro- 
vided in the pedestal. The lift pin holes generally are 
wide enough to cause gas breakdown problems if the 
cooling gas were permitted to enter the holes 66. To 

50 ensure the gas pressure inside the lift pin holes 66 is 
too low to undergo gas breakdown, the lift pins are 
connected to the same turbomolecular pump used to 
produce high vacuum (less than one Torr) in the plas- 
ma chamber 16. To seal the lift pin holes from the 

55 cooling gas, an annulus 64 between 0.125 to 0.200 
inch wide in the dielectric layer is left smooth, without 
any gas distribution grooves. Since, as stated above, 
the dielectric is ground to a smoothness of 0.5 mi- 
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crons, when the clamping voltage 24 is applied the 
smooth underside of the semiconductor substrate 12 
makes a gas tight seal against the annulus, thereby 
preventing cooling gas from entering the lift pin holes 
66. 

An Alternative Embodiment 

Another embodiment of the invention, which is 
shown in Figs. 9-16, includes a Helium cooling gas 
distribution system embodying many of the previous- 
ly described principles. It has, however, an added ad- 
vantage of allowing much greater flexibility in layout 
of the water cooling distribution system. As will be- 
come apparent, this is in large part due to elimination 
of the Helium gas distribution conduits that penetrate 
the E-chuck from its backside. These previously 
mentioned conduits (see conduits 48a-g in Fig. 2) are 
replaced by internal hidden cavities that are formed 
by one or more annular rings that are welded into cor- 
responding grooves in the topside of the chuck. This 
alternative embodiment also achieves a more uni- 
form temperature distribution across the wafer during 
a high density plasma processing. This is because 
the Helium is introduced to the interface between the 
E-chuck and the wafer near the locations which rep- 
resent the greatest leakage of He, namely, around the 
periphery of the wafer and at lift pin holes. We refer 
to this approach as "feeding the leak." 

Referring to Figs. 9-12, an alternative embodi- 
ment of the E-chuck includes an aluminum pedestal 
100 having a backside 102, an outer flange 104 for 
connecting the pedestal through the plasma cham- 
ber, and a cylindrical upper portion 1 06 with a top sur- 
face 108. Penetrating from the backside through the 
top surface are four lift pin holes 110 through which 
electrically non-conducting, ceramic lift pins (not 
shown) can pass to lift the wafer (also not shown) off 
of E-chuck pedestal 100 at the end of a process run. 
Pedestal 100 includes an annular groove 112 ma- 
chined into its top surface close to its periphery. 
Welded into groove 112 is an annular ring 114 that has 
a channel 116 machined into its underside. Channel 
116 penetrates ring 114 to within close proximity of 
the other side, leaving a thin layer 118 of metal sep- 
arating channel 116 from the topside of ring 114 (e.g. 
having a thickness of about .015 to .020 inches). The 
thickness of ring 114 is less than the depth of groove 
112, so that after ring 114 is pressed into groove 112, 
channel 118 and the lower portion of groove 112 form 
a peripheral internal cooling gas distribution manifold 
120 around the periphery of E-chuck pedestal 100. 

There are four smaller annular grooves 122 ma- 
chined into top surface of E-chuck 100, each one cen- 
tered on a different one of lift pin holes 110. Note that 
only one such groove is shown in Fig. 11. A smaller an- 
nular ring 124 having a channel 126 machined into its 
underside is welded into each of annular grooves 122. 



As with channel 116 in ring 114, channel 126 pene- 
trates ring 124 to within close proximity of the other 
side, leaving a thin layer of metal separating channel 
126 from the top side of ring 124. The thickness of 

5 ring 124 is less than the depth of groove 122, so that 
after ring 124 is welded into its corresponding groove 
122, channel 126 and the lower portion of groove 122 
form an internal lift pin cooling gas distribution mani- 
fold 130 around its lift pin hole 110. 

10 Finally, located at the center of E-chuck pedestal 

100 there is a hole 132 machined into top surface 
108. A plug 134 having a cylindrical hollow 136 ma- 
chined into its underside is welded into hole 132. Hol- 
low 136 penetrates plug 134 to within close proximity 

15 of the other side, leaving a thin layer of metal sepa- 
rating hollow 136 from the top side of plug 134. The 
thickness of plug 134 is less than the depth of hole 
132, so that after plug 134 is welded into hole 132, 
hollow 130 and the lower portion of hole 132 form a 

20 central cooling gas distribution manifold 138 located 
at the center of E-chuck pedestal 100. 

As in the previously described embodiment, a 
thin uniform dielectric layer 140 covers the top sur- 
face of E-chuck pedestal 100. In the figures, the 

25 thickness of thin dielectric layer 140 relative to thick- 
ness of pedestal 100 is grossly exaggerated for pur- 
poses of illustration. In the described embodiment, 
the thickness of dielectric layer 140 is actually about 
0.007 inches (178 microns). 

30 A network of grooves formed in the surface of di- 

electric layer 140 distributes the Helium cooling gas 
to the interface between the E-chuck and the wafer 
during plasma processing. The network includes a 
rectangular grid 150 of grooves 152 that densely cov- 

35 er most of the surface of dielectric layer. In Fig. 10 
only a portion of the full grid of grooves 1 52 is shown 
for clarity. As with the network of grooves previously 
described in connection with Fig. 2, the grooves with- 
in this network do not penetrate through the dielec- 

40 trie layer into the metal of pedestal 100. In the descri- 
bed embodiment, the grooves of grid 150 
are .01 ±.001 inch (0.25±0.025 mm) wide and 30±3 
micron deep and there is a separation between adja- 
cent grooves of .100±.003 inch (2.50±0.075 mm). The 

45 grooves of rectangular grid 1 50 terminate before the 
outer periphery of the E-chuck leaving a smooth di- 
electric annular regbn 154 at the outer periphery of 
the E-chuck. In the described embodiment, this 
smooth area around the periphery is about .175-.200 

50 inch (4.4-5.1 mm) wide. Grooves 152 of rectangular 
grid 150 also terminate before reaching lift pin holes 
110, thereby leaving a circular region 156 of smooth 
dielectric centered on each of the lift pin holes 110. 
The smooth dielectric regions 1 54 and 1 56 form seals 

55 with the backside of the wafer thereby significantly 
reducing the leakage of Helium cooling gas at the per- 
iphery of the wafer and into the lift pin holes during 
processing. 
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The network of grooves also includes a single cir- 
cular groove 158 formed about the periphery of di- 
electric layer 140 and centered directly above chan- 
nel 116 in annular ring 114 (i.e., above peripheral 
manifold 1 20) and four circular grooves 1 60, each one 
centered on a different one of the four lift pin holes 
llOand directly above channels 126 of the four small- 
er annular rings 124 (i.e., above the lift pin manifolds 
130). There is also a vertical groove 162 and a hori- 
zontal groove 164, each bisecting the surface of di- 
electric layer 140. In the described embodiment, 
grooves 158-164 are .03+.001 inch (0.76+.03 mm) 
wide and 40±3 micron deep. 

Referring to Fig. 10, Helium cooling gas reaches 
annular peripheral manifold 120 through a single pas- 
sage 168 that is drilled perpendicularly into pedestal 
100 from backside 102. Helium cooling gas reaches 
central manifold 138 through a second passage 170 
that is also drilled into pedestal 100 from backside 
102 beginning at a location near the entry point of 
passage 168 and angled appropriately to reach cen- 
tral manifold 138. As seen in Fig. 12, Helium cooling 
gas is supplied to internal lift pin manifold 130 from 
peripheral annular manifold 120 through another set 
of passages 1 72 and 1 74. Passage 1 72 is drilled per- 
pendicularly into pedestal 100 in the bottom of groove 
112 and passage 174 is drilled at an angle into ped- 
estal 100 in the bottom of groove 122. Passages 172 
and 174 are located and oriented so that they inter- 
sect at a.point 176 within the body of the E-chuck, 
thereby forming a conduit through which the Helium 
cooling gas can reach the smaller annular manifold 
130 from the peripheral manifold 120. Each lift pin 
manifold 130 is connected to the larger peripheral 
manifold 120 in a similar manner. 

Helium cooling gas is supplied to the system of 
larger grooves 158-164 on the surface of dielectric 
layer 140 through a plurality of perforations connect- 
ing the underlying, hidden cooling gas distribution 
manifolds 120, 130, and 138 within E-chuck to those 
grooves. For example, as shown in Figs. 13 and 14, 
perforations 180, evenly distributed along the bottom 
of groove 158, pass through to the hidden underlying 
manifold 120(notshown in Fig. 14). Foran 8 inch wa- 
fer chuck, there are about 180 such perforations in 
groove 158, each of which is .007±.001 inch 
(.175+0.025 mm) diameter. Similarly, referring to Fig. 
15, around each lift pin hole 110, perforations 182 
connect smaller manifold 130 to groove 160. And re- 
ferring to Fig. 16 at the center of pedestal 100, five 
perforations 184 connect underlying manifold 138 to 
the vertical and horizontal grooves 162 and 164. As 
should be readily apparent, the system of perfora- 
tions connects the underlying gas distribution sys- 
tem with the set of the larger grooves, which in turn, 
communicates with (i.e., intersects) all of the smaller 
grooves 1 52 of grid 1 50. 

Referring to Fig. 11, various 0-ring grooves are 



machined into backside 102 of pedestal 100. An O- 
ring groove 1 90 encircles the two entry points of pas- 
sages 168 and 170; an oval-shaped O-ring groove 
192 encircles each of the lift pin holes 110; and an O- 

5 ring groove 1 94 is formed around outer flange 1 04 of 
pedestal 1 00. Also shown in Fig. 2 are two water dis- 
tribution holes 196 and 198 for supplying cooling wa- 
ter to the water distribution chamber in the lower half 
of pedestal 1 00. Holes 1 96 and 1 98 are also each sur- 

10 rounded by O-ring grooves 200. The O- rings which go 
into these O-ring grooves isolate the different sys- 
tems (i.e., water, cooling gas, and processing cham- 
ber) from each other. 

The water distribution system could be any of a 

15 number of alternative designs including, for example, 
a radial groove layout or a spiral groove layout. Be- 
cause much of the Helium cooling gas distribution 
system is located in the upper half of the E-chuck, 
there are fewer obstacles which the water distribution 

20 system must avoid as compared to the previously de- 
scribed embodiment in which cooling gas distribution 
cavities were drilled into the E-chuck from the back- 
side. 

The E-chuck is assembled in the following man- 

25 ner. First, the annular ring inserts are press fit into 
their corresponding manifold grooves. Then using 
either a laser or an electron beam, the inserted an- 
nular rings are welded into the E-chuck. After the 
welding is complete, the surface of the E-chuck is fly- 

30 cut to clean it, i.e., to remove the welding buildup 
where the rings were welded into the E-chuck. During 
this process, the Al pedestal is cut back until the thin 
Al layer above the hidden manifolds is about .015 
to .020 inch (0.375-0.500 mm) thick. After flycutting 

35 is complete, the surface is bead blasted to prepare it 
for application of the dielectric material. Then, the di- 
electric material (e.g. alumina or alumina/titania) is 
sprayed (e.g. plasma-sprayed) onto a thickness that 
is greater than the final desired thickness (e.g. 15-20 

40 mil or 380-508 microns). After the dielectric material 
has been applied, it is ground backtothe desired final 
thickness (e.g. 7 mil or 180 microns). Using a laser, 
the desired pattern of cooling gas distribution 
grooves are cut into the surface of the dielectric layer. 

45 Then, the perforations which connect the grooves to 
the underlying cooling gas distribution cavities within 
the E-chuck are drilled. The drilling may be done us- 
ing either a laser or mechanical drill. In the described 
embodiment, an excimer UV laser (i.e., a short wave- 

50 length, high energy laser) is used and it is run at a rel- 
atively low time averaged power level. This helps to 
reduce the risk of redepositing drilled Al from the un- 
derlying thin layer onto the walls of the perforations 
and onto the surface of the dielectric. 

55 Note that the order of these steps can be altered. 

For example, it may be desirable to drill the perfora- 
tions before cutting the grooves in the dielectric lay- 
er. 
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Referring to Fig. 17 shows an alternative design 
for tlie internal structure of the perforations. For pur- 
poses of illustration, a close up cross-sectional view 
of annular insert 114 is shown. It should be under- 
stood, however, that the following description applies 
to all of the perforations in the E-chuck. The illustrat- 
ed perforation is formed by a first hole 200 passing 
through the underlying thin Al layer and a smaller di- 
ameter, second hole 202 aligned with the first hole 
passing through dielectric layer 140 to the surface. 
Both holes 200 and 202 share the same axis. As with 
the perforation described previously in conection 
with Fig. 8, the diameter of first hole 200 is chosen to 
be sufficiently large so that no line of sight path exists 
between the wall of the first hole in the thin underly- 
ing Al layer and the space above the dielectric layer. 
For a dielectric layer of .007 inch (0.178 mm) thick- 
ness, a small hole diameter of about .007 inch (0.178 
mm), and a thin Al layer thickness of about 15-20 mils 
(380-508 microns), a large hole diameter of about 15- 
20 mils (380-508 microns) may be used. 

Since access to the backside of the thin layer 
separating the hidden manifold from the dielectric 
layer is not available to make the second larger diam- 
eter hole, the earlier described fabrication technique 
is not appropriate for this embodiment. To produce 
the perforations with the stepped diameter passage- 
way, the previously described fabrication technique 
must be modified as shown in Fig. 1 8. Before applying 
the dielectric layer, drill thru holes into welded inserts 
at all of the locations where perforations through the 
dielectric layer are desired (step 250). After all thru 
holes have been drilled, bead bast the surface of the 
Al block to prepare it for the dielectric material (step 
252). Then, spray a dielectric material onto the pre- 
pared surface in an amount and to a thickness suffi- 
cient to close up the thru holes (step 254). Once the 
thru holes are covered over, grind back the dielectric 
layer to achieve the desired thickness and uniformity 
(step 256). Then, drill the set of smaller diameter first 
holes through the dielectric layer and in alignment 
with the underlying larger diameter second holes 
(step 258). 

Note that pedestal 100 includes an alignment 
edge 260 (see Fig. 9) which may be used to assist in 
aligning the first holes with the hidden holes in the Al. 
Alternatively, any of the other well known alignment 
mechanisms may be used to assist in aligning the 
successive drilling operations. 

The Quartz Protective Collar 

Referring to Figs. 19 and 20, when used in a proc- 
ess chamber, pedestal 100 is surrounded by a gen- 
eraly annular quartz collar 270 which aligns a wafer 
272 over pedestal 100 and shields pedestal 100 from 
the plasma during processing. The diameter of the 
top cylindrical portion of pedestal 100 is slightly less 



than diameter of wafer 272. Thus, when wafer 272 is 
aligned onto pedestal 100, its perimeter extends 
slightly beyond pedestal 100 thereby forming an 
overlap 274. Collar 270, which has an inside diameter 

5 which is slightly larger than pedestal, fits over the top 
of pedestal 100 and rests on the top of flange 10. It 
includes a flat annular top ledge 276 around its inside 
perimeter and rises in the outward radial direction to 
a higher top surface 278. The transition from ledge 

10 276 to top surface 278 forms an angled annular wall 
280 (i.e., a surface that represents a surface of a 
frustum of a cone) that is slightly larger in diameter 
than the wafer for which the E-chuck is designed. 
When wafer 272 is placed on pedestal 100, the an- 

15 gled wall of wall 280 urges the wafer to center itself 
on the pedestal as it comes to rest flat against the 
pedestal. Annular wall 280 also limits the distance by 
which the wafer can shift laterally on the surface of 
the pedestal. That is, annular wall 280 establishes the 

20 minimum and maximum amount of overlap 274 (see 
Fig. 20) that can occur when placing the wafer on the 
E-chuck. In addition, ledge 276 is slightly lower than 
the top surface of dielectric layer 140; thus, the un- 
derside of wafer 272 is separated from ledge 276 by 

25 a gap 280. To prevent plasma from penetrating to the 
pedestal during processing, gap 280 is designed to be 
small relative to the size of the plasma dark space 
formed above the wafer during processing and the ra- 
tio of minimum overlap to gap size is designed to fall 

30 within a range of about 5:1 to 10:1. With a gap and 
overlap that meets these design criteria, the plasnna 
will pinch off before it penetrates any significant dis- 
tance into the narrow channel formed by the under- 
side of wafer 272 and ledge 276. 

35 In the described embodiment which is designed 

to handle 8 inch (200 mm) wafers, the outside diam- 
eter of the top cylindrical portion of pedestal 100 is 
about 7.774 inch (195 mm) and the inside diameter of 
collar 270 is about 20 mils (0.5 mm) larger than this. 

40 To assemble collar 270 the upper cylindrical portion 
of pedestal 100, the upper portion is first wrapped 
with a plastic (e.g. polyimide) tape (not shown) and 
then cooled, thereby causing it to contract slightly 
and ease the assembly of collar 270 onto pedestal 

45 100. The diameterofannularwall 280 of collar 270 is 
such that overlap 274 will be at least about 1 .25 to 1 .5 
mm under worst case alignment. That is, the outer 
perimeter of wafer 272 will extend beyond pedestal 
100 by at least that amount. The height of ledge 276 

50 such that gap 280 is about 5±2 mils (0.125+0.050 
mm). 

Also shown in Figs. 19 and 20 is an optional 
clamp ring 282 that rests on top of wafer 272. Clamp 
ring 282 serves to protect the pedestal from the plas- 
55 ma during processing. However, if the E-chuck is de- 
signed in accordance with the above-described cri- 
teria, it can be run without clamp ring 282. 
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Chucking and Dechucking Procedure 

In accordance with another aspect of the inven- 
tion, a new procedure has been developed removing 
the wafer after plasma processing. The procedure al- 
lows for rapid, repeatable dechucking without risk of 
causing charging damage to any devices on the wa- 
fer. A typical process run includes a chucking se- 
quence, a main etch sequence, and a dechucking se- 
quence. The chucking sequence is that sequence of 
steps performed prior to and in preparation for the 
processing phase, e.g. the etching of the wafer. The 
dechucking sequence is that sequence of steps which 
is performed after processing is finished to remove 
the wafer from the chamber. Under conventional ap- 
proaches to dechucking, the Helium cooling gas is 
used to pop the wafer off the E-chuck during the dis- 
charge phase, i.e., after the E-chuck has been 
grounded so as to reduce the electrostatic force. This 
creates certain problems, however. For example, the 
wafer comes up off of the E-chuck in an unstable 
manner and it tends to skate off the chuck. In addition, 
we have learned that the time that it takes to dechuck 
the wafer is highly dependent on how long the wafer 
had been chucked and on how many wafers were run 
prior to the current wafer. The longer that one runs 
the system and the greater the number of wafers that 
are run, the harder it is to dechuck the current wafer. 
This also meant that the force for chucking tends to 
be reduced over time because of an accumulated 
charge on the surface of the E-chuck. 

A procedure which avoids some of these prob- 
lems is shown in Figs. 21 A-C. For completeness, both 
the chucking and the dechucking sequences are de- 
scribed for a system such as is shown in Fig. 1 . 

Typically, the chucking sequence includes the 
following steps. After the wafer has been placed on 
the E-chuck, gas (e.g. argon) is introduced into the 
chamber (step 300). Athrottle valve to the pump used 
to evacuate the chamber is then closed to allow the 
gas pressure in the chamber to build up (step 302). 
Once the gas pressure has increased to an appropri- 
ate level, the RF source power is turned on (step 
304), using a preselected set of conditions that elec- 
trostatically strikes a plasma at the increased gas 
pressure. In general, the voltage of the inductive an- 
tenna surrounding the chamber is increased to a level 
high enough to cause avalanche breakdown between 
the grounded electrode and the RF antenna. Once 
the plasma has been initiated, the throttle valve is 
opened to bring down the pressure in the chamber 
(step 306). In the meantime, the source matching 
network is initiated to couple maximum power to the 
plasma (step 308). These last two steps cause the 
plasma to switch into an inductive mode. 

The following sequence of steps are then per- 
formed in rapid succession. The D.C. bias voltage to 
the E-chuck is turned on (step 310) and the Helium 



cooling gas is turned on (step 31 2). The D.C. bias vol- 
tage is typically more negative than -500 volts (e.g. 
in the decsribed embodiment it is about -1000 to - 
1200 volts) and the Helium pressure is about 15 Torr. 

5 The D.C. bias could, of course, be positive. The ad- 
vantage to using a negative voltage, however, is that 
the pedestal will reject the higher charge-to- mass ra- 
tio electrons in the plasma in favor of the lower 
charge-to-mass ratio ions and this will tend to reduce 

10 the risk of damage occurring to the pedestal from the 
plasma. 

Next, a transition to the desired process gas is 
initiated (step 314). During the transition, the RF bias 
power is turned on (step 316) and the bias matching 

15 network is initiated to couple maximum power to the 
plasma under the new conditions (step 318). At this 
point, the main etch process has begun (step 320) 
and it is run for the desired length of time. Optional 
steps may also be added at the conclusion of the etch 

20 process including, for example, running O2 gas for a 
possible descum step (step 322). 

Note that the exact order of some of the events 
in the chucking sequence may be altered. In addition, 
steps may be added or omitted depending upon the 

25 requirements of the particular plasma system in 
which the plasma processing takes place. The above 
operations and the order in which they are presented 
was chosen for illustrative purposes and to provide a 
picture of a complete run sequence. 

30 The dechucking sequence is commenced after 

the etching process and subsequent optional steps 
are completed. The following sequence of steps is 
performed rapidly to avoid temporarily switching to a 
deposition process. First, there is a transition to a 

35 non-process gas (e.g. Ar or O2) (step 324). Then, the 
RF bias is turned off thereby causing the wafer to 
move to a potential determined by the plasma (typi- 
cally a slightly positive voltage) (step 326). In the 
meantime, the Helium cooling gas is also turned off 

40 and a process of evacuating the residual Helium from 
the cooling gas distribution system is begun (step 
328). As this is taking place, the E-chuck is grounded 
(step 330). A next operation is not initiated until a pre- 
selected delay period has elapsed (e.g. 5 seconds) 

45 (step 332). After the delay period has elapsed, the 
pneumatically operated lift pin mechanism is used to 
slightly separate the wafer from the E-chuck (e.g. by 
a distanceof about 10 to60 mils) (step 334). The sep- 
aration step is performed gently, typically taking sev- 

50 eral seconds to complete. The preceding delay is re- 
quired to allow a residual internal charge that is typi- 
cally present at the interface between wafer and E- 
chuck to decay. This residual charge results in a re- 
sidual force holding the wafer to the E-chuck, thus if 

55 the lifting operation is performed too soon after 
grounding the E-chuck, the lift pins may break the 
wafer. During the separation operation, the RF 
source plasma provides a path forfurtherdischarging 
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any charge caused by the separation operation. 

Once the wafer is separated fronn the E-chuck, 
the source RF is turned off (step 336), the non-proc- 
ess gas is turned off (step 338), and the lift pins are 
used to raise the wafer to about .500 inch above the 
E-chuck. Then, the wafer can be removed from the 
chamber (step 340). This completes the dechucking 
sequence. 

Since there may still be a residual charge left on 
the E-chuck, a post processing procedure may be ap- 
propriate to eliminate any possible residual charge. 
The post processing procedure immediately follows 
the removal of the wafer and begins by turning on a 
non-reactive gas (e.g. Ar) in preparation for starting 
a new plasma. The sequence of steps 342 to 350 
which are followed to start the plasma and switch to 
an inductive mode are the same as those which pre- 
viously described, namely steps 300 to 308. 

After the plasma has been produced in the cham- 
ber, it is run for a preelected period of time, e.g. about 
10 seconds (step 352). During this phase, any resid- 
ual charge that may remain on electrostatic chuck is 
removed. The time required may be greater than 10 
seconds, it depends upon the duration of the plasma 
processing run for the prevous wafer and may also 
also depend on the number of wafers that have been 
processed in the chamber since he last post process- 
ing phase. 

After the plasma has run for the desired period 
of time, it is terminated (step 354) and the chamber 
is ready for the next wafer (step 256). 

It should be understood, of course, that the 
above-described sequence of operations can be, and 
indeed would likely be, automated through a software 
control program. It can be programmed to occur after 
each wafer is processed or run only after a sequence 
of wafers have been processed in the chamber. 

Other embodiments of the invention are within 
the following claims. 



Claims 

1_ An electrostatic chuck for holding and gas cool- 
ing a wafer during processing in a plasma reac- 
tion chamber, said chuck comprising: 

a metal pedestal having a smooth upper 
surface; and 

a layer or dielectric material formed on the 
uppersurfaceof said pedestal, said dielectric lay- 
er having a network of cooling gas distribution 
grooves formed therein, the grooves of said net- 
work of gas distribution grooves penetrating said 
dielectric layer to a distance that is no greater 
than the thickness of the dielectric layer; 

said metal pedestal having one or more in- 
ternal cavities for distributing a cooling gas, each 
of said internal cavities having an upper end that 



is separated from said dielectric layer by a layer 
of pedestal metal; 

there being for each of said internal cool- 
ing gas cavities, one or more perforations pass- 
5 ing through said dielectric layer and the underly- 

ing layer of pedestal metal and connecting that in- 
ternal cooling gas cavity with one or more of the 
grooves of said network of gas distribution 
grooves. 

10 

2. The electrostatic chuck or claim 1 wherein for 
each of said one of more internal cavities, there 
are a plurality of perforations passing through 
said dielectric layer and the underlying layer of 
15 pedestal metal and connecting that internal cool- 

ing gas cavity with one or more or the grooves of 
said network of gas distribution grooves. 

3_ The electrostatic chuck of claim 1 wherein the di- 
20 electric layer in which the network of distribution 

grooves is formed has a substantially uniform 
thickness and wherein the grooves of said net- 
work have a depth that is small relative to the 
thickness of the dielectric layer. 

25 

4. The electrostatic chuck of claim 1 wherein the 
pedestal has an underside, wherein said network 
of cooling gas distribution grooves is a dense net- 
work of grooves covering most of a region of the 

30 top surface of the dielectric layer that coincides 

with the backside of the wafer when said wafer is 
being held on said electrostatic chuck, wherein 
the pedestal and the dielectric layer have a plur- 
ality of lift pin holes passing therethrough, said 

35 plurality of lift pin holes extending from the un- 

derside of said pedestal to the upper surface of 
said dielectric layer and providing passages 
through which lift pins can pass to lift the wafer 
off of the pedestal, said lift pin holes located with- 

40 in said region, and wherein an annular area sur- 

rounds each of said plurality of lift pin holes, said 
top surface of said dielectric layer being smooth 
and free of grooves within said annular area so 
as to aid in forming a seal around each of said 

45 plurality of lift pin holes when said wafer is held 

on said electrostatic chuck during processing. 

5. The electrostatic chuck of claim 1 wherein an an- 
nulus area surrounds the inside perimeter of said 

50 regk>n, said top surface of said dielectric layer be- 

ing smooth and free of grooves within said annu- 
lus area so as to aid in forming a seal around the 
outer perimeter of said wafer when said wafer is 
held on said electrostatic chuck during process- 

55 ing. 

6. An electrostatic chuck for holding and gas cool- 
ing a wafer during processing in a plasma reac- 
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tion chamber, said chuck comprising: 

a metal pedestal having an upper surface; 

and 

a layer of dielectric material formed on the 
upper surface of said pedestal, said dielectric lay- 5 
er having a top surface for receiving a backside 
of said wafer when said wafer is placed on said 
chuck; 

said nnetal pedestal having one or more in- 
ternal cavities for distributing cooling gas, each io 
of said one or more internal cavities being sepa- 
rated from said dielectric layer by an associated 
thin layer of pedestal metal, 

wherein for each of said one or more inter- 
nal cavities, said dielectric layer has one or more 15 
first holes passing therethrough, and the associ- 
ated thin layer of pedestal metal has an equal 
number of second holes passing therethrough 
and aligned with corresponding ones of said one 
or more first holes, wherein said first holes have 20 
a first diameter and said second holes have a 
second diameter that is larger than said first di- 
ameter. 

7. An electrostatic chuck for holding and gas cool- 25 
ing a wafer during processing in a plasma reac- 
tion chamber, said chuck comprising: 

a metal pedestal having an upper surface; 

and 

a layer of dielectric material formed on the 30 
uppersurfaceof said pedestal, said dielectric lay- 
er having a top surface for receiving a backside 
of said wafer when said wafer is placed on said 
chuck; 

said metal pedestal having one or more 35 
one internal cavities for distributing a cooling 
gas, each of said one or more internal cavities 
having an upper end that is adjacent to said di- 
electric layer, there being a layer of pedestal met- 
al separating each of said one or more cavities 40 
from said dielectric layer; 

wherein for each of said one or more inter- 
nal cavities, said dielectric layer has a plurality of 
first holes passing therethrough, and the associ- 
ated thin layer of pedestal metal has an equal 45 
number of second holes passing therethrough 
and aligned with corresponding ones of said plur- 
ality of first holes, 

wherein said first holes have a first diam- 
eter that is less than about 0.030 inch. so 

8. An electrostatic chuck for holding and gas cool- 
ing a wafer during processing in a plasma reac- 
tion chamber, said chuck comprising: 

a metal pedestal having an upper surface 55 
and an underside; and 

a layer of dielectric material formed on the 
upper surface of said pedestal, said dielectric lay- 



er having a top surface and a dense network of 
cooling gas distribution grooves formed therein, 
said dense network of grooves covering most of 
a region of the top surface of the dielectric layer 
that coincides with the backside of the wafer 
when said wafer is being held on said electrostat- 
ic chuck, 

said metal pedestal including an internal 
cooling gas distribution network connected to 
said network of gas distribution grooves for dis- 
tributing cooling gas thereto, 

said pedestal and dielectric layer having a 
plurality of lift pin holes passing therethrough, 
said plurality of lift pin holes extending from the 
underside of said pedestal to the upper surface 
of said dielectric layer and providing passages 
through which lift pins can pass to lift the wafer 
off of the pedestal, said lift pin holes located with- 
in said region, and 

wherein an annular area surrounds each 
of said plurality of lift pin holes, said top surface 
of said dielectric layer being smooth and free of 
grooves within said annular areas so as to aid in 
forming a seal around each of said plurality of lift 
pin holes when said wafer is held on said electro- 
static chuck during processing. 

9. An electrostatic chuck for holdinq a wafer in a 
plasma processing chamber, said chuck compris- 
ing: 

a pedestal having a top surface, an inter- 
nal manifold forcarrying a cooling gas, and a first 
plurality of holes leading from said internal mani- 
fold toward said top surface; and 

a dielectric layer on the top surface of said 
pedestal, said dielectric layer having a top side 
and second plurality of holes, each of which is 
aligned with a different one of the holes of said 
first plurality of holes in said pedestal, 

said first and second holes forming a plur- 
ality of passages extending from said internal 
manifold to the top side of said dielectric layer 
and through which said cooling gas is supplied to 
an interface formed by a backside of said wafer 
and the top side of said dielectric layer when said 
wafer is resting thereon, each of said first holes 
and the second hole aligned therewith forming a 
different one of said plurality of passages, 

said passages being concentrated in re- 
gions of said dielectric layer that are in proximity 
to regions of higher leakage of cooling gas when 
said wafer is held against said electrostatic chuck 
by an electrostatic force. 

10. The electrostatic chuck of claim 9 wherein said 
pedestal includes a plurality of lift pins holes for 
allowing lift pins to pass therethrough to raise 
said wafer above said electrostatic chuck and 
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wherein at least some of said plurality of passag- 
es are distributed throughout a plurality of annu- 
lar regions, each annular region of said plurality 
of annular regions being near and centered about 
a different one of said plurality of lift pin holes. 

11. The electrostatic chuck of claim 9 wherein said 
dielectric layer includes a network of grooves 
formed therein, wherein said network of grooves 
includes a plurality of annular grooves each one 
of which lies along the circle surrounding a differ- 
ent one of said plurality of lift pin holes. 

12. A method for dechu eking a wafer from a electro- 
static chuck following a plasma process during 
which a plasma is generated in a plasma chamber 
by RF source power, said electrostatic chuck 
supplying a cooling gas to a backside of said wa- 
fer during said plasma process, said method 
comprising: 

at the completion of said plasma process 
and while the RF source power is still on, turning 
off said cooling gas; 

changing a DC potential of said electro- 
static chuck; 

slightly separating said wafer from said 
electrostatic chuck while said RF source plasma 
is still present; 

after slightly separating said wafer from 
said electrostatic chuck, turning off the RF 
source; 

afterturning off the RF source power, sep- 
arating said wafer further from said electrostatic 
chuck; and 

removing said wafer from said plasma 
chamber. 

13. The dechucking method of claim 12 wherein said 
electrostatic chuck is biased by a DC chucking 
voltage during plasma processing and wherein 
the step of changing said DC potential of said 
electrostatic chuck involves reducing said DC po- 
tential of said electrostatic chuck to a DC de- 
chucking voltage that is lower than the magni- 
tude of the DC chucking voltage. 

14. A method of forming passages in an electrostatic 
chuck including a pedestal having a top surface 
covered by a dielectric layer, said dielectric layer 
having a top side for receiving a backside of a wa- 
fer, said chuck also including an internal manifold 
for carrying a cooling gas, said passageways ex- 
tending from said internal manifold to the top side 
of said dielectric layer and for transferring the 
cooling gas from said internal manifold to the 
backside of said wafer when said wafer is resting 
on said dielectric layer, said method comprising: 

drilling a first plurality of holes into said 



pedestal extending from the top surface of sakJ 
pedestal into said manifold; 

forming a dielectric layer on the surface of 
said pedestal, said dielectric layer being suffi- 
5 ciently thick to bridge over the holes of said first 

plurality of holes; and 

drilling a second plurality of holes in said 
dielectric layer, each hole of said second plurality 
of holes aligned with a different one of the holes 
10 of said first plurality of holes. 

15. The method of claim 14 wherein the holes of sakJ 
first plurality of holes have a first diameter and 
the holes of said second plurality of holes have a 

15 second diameter and wherein said first diameter 

is greater than said second diameter. 

16. The method of claim 15 wherein said first diam- 
eter is sufficiently larger than said second diam- 

20 eter so that for any given one of the passages of 

said plurality of passages no line of sight path ex- 
ists from above said dielectric layerto the portion 
of said pedestal that defines the first hole of that 
passage. 

25 

17. A computer-implemented method for preparing 
an electrostatic chuck within a plasma chamber 
to receive a next wafer for plasma processing af- 
ter a previous wafer has completed plasma proc- 

30 essing, said method comprising: 

removing said previous wafer from sakJ 
electrostatic chuck in said plasma chamber; 

introducing a non-process gas into said 
plasma chamber without any wafer present on 
35 said electrostatic chuck in said plasma chamber; 

striking a plasma in said plasma chamber; 
running said plasma fora preselected per- 
iod of time; 

terminating said plasma at the end of sakJ 
40 preselected period; and 

placing said next wafer on said electro- 
static chuck for plasma processing. 

18. An electrostatic chuck for holding a wafer in a 
45 plasma processing chamber, said chuck compris- 
ing: 

a pedestal having a top surface, an inter- 
nal manifold for carrying a cooling gas, and a first 
plurality of holes from said internal manifold to- 
50 ward said top surface; and 

a dielectric layer on the top surface of sakJ 
pedestal, said dielectric layer having a top side 
and second plurality of holes, each of which is 
aligned with a different one of the holes of said 
55 first plurality of holes in said pedestal, 

said first and second holes forming a plur- 
ality of passages extending from said internal 
manifold to the top side of said dielectric layer 
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and through which said cooling gas is supplied to 
an interface formed by the backside of said wafer 
and the top side of said dielectric layer when said 
wafer is resting thereon, each of said first holes 
and the second hole aligned therewith forming a 5 
different one of said plurality of passages, 

wherein said pedestal includes a groove 
formed in its top surface and further comprises 
an insert in said groove, said insert having a 
channel formed therein on a side of said insert io 
that is opposite to the top surface of said pedes- 
tal, said channel and said groove forming a cavity 
that is part of said internal manifold and wherein 
at least some of said plurality of passages pass- 
ing through said insert into said channel. 15 
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